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Description 



TECHNICAL FIELD 



This invention relates to a class of complexes, useful as living polymerization catalysts to produce 
polymers having specific end groups and especially polymers such as butyl rubber and related polymers. 
More particularly, this invention relates to complex compounds containing or incorporating at least one or a 
number of olefinic monomers but sufficient to give a range of molecular weights from the very low range of 
about 200, 500 or 10,000 to the extremely high range of 500.000 or a million and higher. Specifically, this 
invention provides a so-called living polymer preparation method that allows polymers to be made as 
homopolymers, random copolymers, to highly specialized block copolymers, or terpolymers. and the like. 

BACKGROUND ART 



Truly living polymerization, i.e., truly terminatlonless and chain transferless polymerizations, are a most 
desirable objective of the synthetic polymer chemist. If the rates of both termination and chain transfer are 
zero. Rt - Rtr - 0, and the rate of initiation is larger than that of propagation Ri>Rp, polymer molecule 
weights are determined by the ratio [M]/[l] (i.e.. monomer overjnitiator concentrations) and TAJMr, will be 
reasonably small. If Rj is instantaneous and/or Ri»Rp, then Mw/Mn«1.0. Living polymerizations are not only 
of scientific interest, but also of great commercial consequence, and several Industrial processes are based 
on living systems, e.g.. cis-1 ,4-poly butadiene, triblock copolymers of styrene/butadiene/styrene, poly- 
tetrahydrofuran, but these are not carbocationic polymerization processes. 

Although great efforts have been made to develop living carbocationic polymerizations, success 
remains rather limited. The only truly living carbocationic systems described to date are those achieved by 
HIgashimura, Sawamoto, et al. involving the HI/I2 initiator system and the highly cationically reactive 
monomers such as vinyl ethers, p-methoxy styrene and N-vinyl carbazole. Under certain well-defined 
experimental conditions, quasiliving carbocationic polymerizations approach those of truly living polymeriza- 
tions but only under quite restrictive conditions, i.e., very low temperatures, continuous slow monomer 
addition (when the rate of monomer addition and that of monomers consumption are equal), and even then 
the rate of chain transfer is not exactly zero, but only approaches zero. Also, in quasiliving polymerizations. 
Rt is not zero, but termination is reversible so that over a reasonably long time period termination appears 
to be absent, hence the term "quasiliving." 

U.S. 3 963 771 of Takeshita teaches polymerisation at temperatures that would decompose the 
complex of the instant invention. Furthermore free radical generators are used and these do not produce 
living polymerisation systems. DE 2 633 745 polymerises olefins having 5 carbon atoms or more to produce 
polyolefin oils of high viscosity in the presence of aluminium powder and AIX3 at 50 to 150-C. Both the 
temperature concerned and the aluminium powder would destroy the complex of the Applicant's invention. 
The disclosure in DE 2 633 745 is different from the instant invention in both function and result. U.S. 3 725 
498 teaches the use of a liquid complex in the present of excess AIX3 (1.1 to 1.7 mols of ALX3 per mol. of 
ester). For the complex to be catalytically useful it Is made at a temperature preferably between 30 to 
50 -C. These catalysts are used to polymerise olefins at temperatures between 0 and lOO'C. The resulting 
polymer is a mixture of dimer, trimer and lubricating oil. The variation in products indicates that the 
polymerisation mechanism includes proton abstraction leading to cross linking and that supemon- 
nucleophilic counteranions are not present and the polymerisation system is not living. 

DISCLOSURE OF INVENTION 



Recently, we have developed a series of new initiator systems that lead us to truly living polymerization 
systems for olefins such as isobutylene, copolymerization systems of an olefin such as isobutylene with a 
diolefin such as Isoprene. and to new telechelic end reactive polymers of isobutylene or related olefins. 

This invention concerns a new family of initiating systems, a new process for making polymers and a 
series of new products having specific end groups thereon. 

The family of initiating systems Is based on organic acids or esters in conjunction with a Lewis acid, 
preferably BCI3. as illustrated by the following formulae: 
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where in the above formula may be H, halogen, an organic moiety such as methyl and related alkyi, or 
aryl groups, preferably up to 14 to 20 carbon atoms, alkylene groups such as -CH = CH2 and related lower 
30 alkylene groups, preferably 2 to 8 carbon atoms, and groups containing hetero atoms and related groups 
such as alkylene chloride, methylene to butylene alkoxy. preferably up to 14 to 20 carbon atoms; 

R2 may be H, methyl and related alky I groups containing preferably from 1 to 14 to 20 carbon atoms, in 
general can be the same as R'; 

R3 may be methyl, or related alkyls of preferably 2 to 20 carbon atoms or aryls such as phenyl, 
35 cycloalkyls, or vinyl or allyl groups or a CH2 = group, in general R^ can be the same as R^; 

R* may be ■(CH2>x. or other moiety such as -CH2-CH2-. acetylenic such as -C=C-, or arylene such as 



40 




or ethylenic such as -CH = CH- and related homologous groups; where x is 1 to about 20 and preferably 1 

to 10 in value; 

R^ may be alkylenes such as -CH2-, and substituted aikylenes such as 

45 

I 

— C — 
I 



or other well known groups where H and methyl have been replaced to produce the related homologous 
series that yield many lactones having alkyI, aryl, alkaryl, arylalkyi and cycloalkyi groups substituted on the 
carbon in the lactone ring; 

55 R^ may be the same as R^ but preferably limited to H or alkyls such as methyl or ethyl or aryl; and 

R^ is an alkylene group containing carbon atoms to complete the lactone ring over the range of 3 to 20 
carbon atoms or more or an alkylene group having the hydrogen atoms on at least one of the carbon atoms 
substituted with other carbon atoms or customary cartion atom substituents; 
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may be a three valent organic moiety such as 



H 

I 

or — C — . 
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It should be appreciated that R2 in the above formulae can be the same or different. 
Specific embodiments of the invention are given in the claims. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The polymerization can be carried out at an appropriate temperature by contacting preferably in a liquid 
diluent the olefinic monomer or monomers, the organic acid or ester and BCI3 or related Lewis acid The 
diluents preferably are hydrocarbons such as n-butane. n-pentane, n-hexane. Isopentane, neopentane. 
benzene, toluene, methylcyclohexane or chlorinated hydrocarbons such as CH2CI2. CH3CI C2H5CI 
chlorobenzene. ethylidene dichloride. propyl chloride, to name a few of the representative ones well known 
to the art. Mixed solvents can also be used. 

As to the mixing sequence of the ingredients, they may be done without regard to sequence For 
example, one can premix the organic ester and BCI3 in a solvent and then add the monomer in a solvent or 
premix the ester and the monomer in a solvent and then add the BGI3 in a solvent Generally the 
polymenzation starts upon the introduction of the last needed ingredient when the temperature is main- 
tained below the decomposition temperature of the complex which generally is below minus 10 -C but in 
some cases may be above 40 -C. Bulk polymerization, i.e.. in the absence of a solvent, can also be carried 
out. 

The polymerization, generally, can be carried out continuously by mixing two streams of chemicals, 
ester and BCI3 preferably mixed with monomer in appropriate solvents, or ester and monomer mixed with 
BCI3 or related Lewis acid at a temperature below the decomposition temperature of the complex formed. 

In a special embodiment, we also have discovered that the polymerization can be carried out above the 
decomposition temperature of the complex provided certain precautions are taken, to give savings in 
refngeration costs and thus achieve economy in production. These precautions in one embodiment call for 
the complex of an organic acid or ester with a Lewis acid to be formed below the decomposition 
temperature of the complex and be maintained below such temperature until their use to initiate the 
polymerization. 

Since the formation of the initiating organic acid or ester - Lewis acid complex is instantaneous in 
another embodiment, the reaction can also be carried out by mixing the monomer and initiator, and then 
introducing the Lewis acid, at a temperature that is higher than the decomposition temperature of the 
initiating complex. These complexes may have its molecular weight increased by addition of the olefin 
monomers thereto, either alone, in combination, or in series, at a temperature below or above the 
complexes decomposition temperature provided the temperature at which the addition or polymerization of 
the olefin occurs is such that the rate of decomposition of the complex is low so that the decomposition of 
the complex does not prevent or occur before the polymerization of the olefin. 

In this special embodiment, the premade or in situ made complex of an organic acid or ester and a 
Lewis acid at a temperature where the half life of the complex is 5 minutes to an hour or more is mixed with 
the olefin monomer or monomers with or without suitable solvents at a temperature where the polymeriza- 
tion rate preferably is sufficient to substantially complete the polymerization prior to decomposition of a 
sufficient amount of the complex to stop or prevent the polymerization going to the desired degree of 
completion. For instance, the premix of the ester and monomer is made and then mixed with the Lewis acid 
or. in some cses, mixture of Lewis acid can form the complex essentially instantaneously and thus initiate 
monomer polymerization and complete said polymerization prior to decomposition of the complex to 
prevent formation of polymer of the desired molecular weight. 

To specifically illustrate this special embodiment, any of the complexes set forth herein or made 
according to the teachings hereof, could be made at a temperature below its decomposition temperature 
for instance minus 10*0 to minus 40 -C. preferably in a hydrocarbon or chlorohydrocarbon solvent at a 
very high concentration, viz.. a catalyst concentrate. Then, this premade complex is added with mixing to a 
suitable reactor that contains the olefin monomer at a temperature of 10- to 50- C, where the complex 
effects polymerization of the olefin in the mixture at a temperature preferably of 10- to 50 • prior to 
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decomposition of sufficient complex to stop the polymerization prior to obtaining a polymer of the desired 
molecular weight. 

In another embodiment, the premade complex made below its decomposition temperature simulta- 
neously is charged and mixed with the monomer to give a mixture above the decomposition temperature of 

s the complex, and the mixing is controlled to give a temperature where the rate of decomposition of the 
complex is sufficiently so low that the undecomposed complex effects sufficient polymerization of the 
monomer to give the desired polymer of the desired molecular weight. It being undestood that when 
sufficient of the complex has decomposed, the reaction stops. Thus, we have discovered that polymeriza- 
tion under these special embodiment conditions can be practiced because the rates of polymerizations are 

10 relatively fast, usually being complete in a manner of one to three minutes and in nearly all cases, in a 
matter of 30 minutes while the rate of decomposition Is such to give a half life of 5 minutes to an hour at 
temperatures of 20 • C to 30 " C. Therefore, not only homopolymers but copolymers and block polymers can 
be made above the decomposition temperature of the complex when these precautions are taken. 

The polymerization most likely occurs by the opening of the ester bond and monomer Insertion, as 

75 Illustrated by the following schematic and illustrative equation: 
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Using the last formula in the above equation, we will exemplify the monomer insertion in the following 
schematic equation: 
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■4 polymer complex 



The complex counter anion is supernonnucleophilic, i.e., it does not assist or cause proton elimination from 
the carbocation. This is a very important characteristic that distinguishes our counter anions from other 
known nonnucleophilic counter anions, e.g., BCI^ , BF? , and AlCl? . In conventional polymerizations taking 
45 place in the presence of simple nonnucleophilic counter anions, the latter assists or causes proton 
elimination from the growing carbocationic center and thus a species arises that proceeds to protonate 
monomer. For example, with BF? counter anion: 



C C 

le e' 'I e ^ 

^ — C BFf ^—C + H BFf 

1^1 * 
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the latter protonates incoming monomer as follows: 



H BF? + C^C >C — C* BF®-^^ > polymer 



This sequence of events constitutes chain transfer to monomer and It is a most undesirable process for 
polymer chemists. First of all, this process reduces the molecular weight of the polymer that is formed, and 
secondly it yields polymers carrying an undesirable unreactive head-group 



C 
I 

c — c — 
I 

c 



Molecular weight control in systems that involve chain transfer to monomer is more difficult to achieve than 
in systems devoid of this process. Thus, an advantage of our invention is It avoids the above two 

shortcomings. 

The complex anion of our invention is supemonnucleophillc and as such does not assist or cause 
deprotonation of the growing carbocationic center. Thus, chain transfer to monomer will not occur in our 
systems, and consequently molecular weight control can be accomplished by adjusting the relative 
concentrations of monomer and initiating system, i.e., molecular weight Is a function of [M]o/[l]o. where the 
subscnpts include initial concentrations. The polymer will grow as long as monomer is available and the 
monomer IS not prevented from reacting with the growing center, for example, by the growing center being 
coagulated from the system or decomposition of sufficient [1]^ to stop the polymerization. 

Also on account of the supernonnucleophilic nature of our counter anions, the polymerization Is devoid 
of termination, i.e., the polymerization is relatively terminatlonless until the temperature exceeds the 
decomposition temperature of the complex for sufficient time to reduce the [l]o to zero. The growing center 
IS kept alive" for extended periods of time without losing Its propogating ability. In contrast, in conventional 
polymenzations termination occurs most likely by a reaction between the growing cation and associated 
counter anion, for example as set forth hereinafter: 



C C 
® O I 
— 'C— C BCl4 C— C — CI + BCla 

C C 

While uninterrupted growth can be maintained for extended periods of time with systems containing 
supernonnucleophilic counter anions, if termination Is desired, say for the preparation of low molecular 
weight end-functionalyzed polymer, such a premature termination reaction can be brought about by either 
tncreasing the temperature of the polymerization system and thus decomposing the active growing 
complex, or by adding a strong nucleophilic terminating agent, such as methanol or ethanol, pyridine 
ammonia, an alkyi amine, or water. Thus, our invention provides a mechanism of varying the molecular 
weight from several hundreds to the millions. These reactions may result in a Cl-terminated polymer (or a 
halogen-terminated polymer) most likely because of the following termination reaction- 
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The concurrently formed BCI2 ester is unstable and is converted to other products. The tert.-chloride end 
75 . group is a valuable end function and can be used in a variety of well known applications. 

the BF3 complex yields acetate end groups under the same conditions by decomposition of the 
catalyst complex. The acetate end group Is a valuable function, and Its production yields a new composition 
of matter having valuable properties. For instance, it can be hydrolyzed to the alcohol end group to produce 
another new composition as illustrated by the following equation: 

20 

__CH- C-O-C-CU3 ^frj^-- CH — C---OH + HOCOCU3 
' base pij 

Any of the well known olefin-based monomers may be used in this invention to produce polymers. The 

30 alpha-olefins having usually from 2 to 20 and preferably 4 to 8 carbon atoms may be used alone or in 
conjunction with themselves with a diolefin, either conjugated or nonconjugated. to produce polymers or 
copolymers of varying molecular weight even as low as 300 to in excess of a million. These polymers can 
be low molecular weight liquid or viscous polymers of 200 or 500 to 10,000 molecular weight units or the 
solid waxy to plastic or elastomeric materials of greater than 100.000 to 500,000 to a million or more 

35 molecular weight units. Examples of these olefins are those having 2 to 20 or more carbon atoms and are 
readily available as specific species such as ethylene, propylene, butylene, amylenses, hexylenes, hep- 
tylenes, octylenes, the styrenes, alpha-methyl styrenes, or the dienes either nonconjugated or conjugated 
such as butadiene, isoprene. piperylene,. hexadienes and the octadienes, and the cyclic analogues of these 
such as 1 ,3-cyclo-hexadiene. to name a few of the well known and representative members. 

40 Examples of the Lewis acids useful in this invention are BCb, AICI3, SnCk, TiCU, FeCb, ZnCl2. 
Although BCI3 and BF3 are the preferred species, the other halogens and the Lewis acids also can be used 
by replacing one member for another one. Any of the organic acids and esters may be used provided they 
form a stable complex with the Lewis acids at a suitable polymerization temperature usually minus 40 * C up 
to 10* to 20*C, or if the rate of decomposition of the complex at higher temperatures is lower than the rate 

45 of polymerization. Also, the organic acids can be monocarboxylic acids, such as formic, acetic, and their 
homologues, say from 1 to 20 carbon atoms, with those less than 6 carbon atoms being preferred. The di- 
and tricarboxylic acids and higher can also be used. The mono-, di- and trifunctionat acids offer a means of 
making polymers having certain specific mono-, di- or tri- end group functions such as chloride, formate, 
allylic, acrylic or methacrylic. 

50 The nature of this invention and its many aspects and advantages may be more readily understood and 
appreciated by reference to the following representative and illustrative examples. 
The general polymerization process used in Examples 1 to 1 1 was as follows: 

A series of test tube runs were made by charging each test tube with solvent, monomer, viz., 
isobutylene, sometimes abbreviated as IB herein, and an initiator. The polymerization was started by the 
55 addition of BCI3 with or without solvent being present with the temperature being as given. The concentra- 
tions and results of these runs are given in Tables 1 through XII. according to the experimental run listed. 
The polymerization was, in most cases, very rapid, i.e., the conversions reached their final values within a 
few minutes. Nevertheless, to be sure that the reactions did proceed to completion, the polymerization time 
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r..hTH . T""^^^' ^^^^ quenched by the addition of 3.0 ml of 

prech.lled methanol. The polymer was recovered by a conventional workup, i.e., evaporation of volatrles 
dissolution in n-hexane. decantation or filtration of inorganic residues such as boron compounds or the other 
Lewis acid residues, removal of hexane by evaporation at room temperature. The fact that the products 
were not washed insured complete product recovery; i.e., no loss of low molecular weight components The 
polymer products were characterized by a variety of techniques Including IR, and ^^C NMR spec- 
troscopy, osmometry and GPC with dual detection with infrared and ultraviolet. 

EXAMPLE 1 

A series of experiments were made using tert.-butyl acetate as the initiator. The results of the individual 

Ph^ir.l r ^ x'""^' ^^^^^ *^9ether with the conditions (concentration of 

chemicals, temperatures, etc.) used. 

..h-?*'T?"^ *° *®'^ -*^^*y' ^" ^ff'cient initiator, molecular weight control can be readily 

achieved by controlling the [M]o and [l]o. and chain transfer to monomer is absent even at 0-C. Since chain 
ransfer to monomer did not occur at the relatively high temperature of 0-C. this reaction is also absent in 
TLITT ^ at lower temperatures, as indicated by NMR spectroscopy. Further, based on a variety 
Of analytical techniques (IR, 1H NMR. GPC). the polymers contain a tert.-butyl head group and a tert- 
chlonne tail group, as shown by the following formula: y h u d xen. 
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using isobutylene as the monomer. 
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EXAMPLE 2 



Another series of experiments were made using 2,4,4-trimethyIpentyl-2-acetate as the initiator instead of 
55 the tertiary butyl acetate of Example 1. The solvent was mixed with the initiator and monomer at the 
temperature indicated for the various runs in Table II and then were added to the reactor, and last the BCI3 
was added. The runs from 2a through 2h show the molecular weight varied from about 1 .300 to in excess of 
10.000. 
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EXAMPLE 3 



^J, ^'^Pf'^^^tal conditions of Exannples 1 and 2 were used in this example except the initiator was 
benzyl acetate and the temperature varied from minus 30- to minus 50-C and showed that polyme was 
produced over the range of molecular weights from about 30.000 to 125.000 and higherThe date for hese 
expenments 3a through 3d Is shown in Table III. 

Ultraviolet spectrographic analysis of the polymers of Table III indicated the phenyl ring was in the 
polymer. Benzy acetate is an initiator in conjunction with BCI3 for the polymerizatiSn7an otef7n such as 
Suc'^e." * "^'^""^^ ^ ^°"o-n9 generic 



CHa 

CH2 CH2 — C-"«"w polyisobutylene~'>"vCH2'-C— CI 
CH3 feaa 
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EXAMPLE 4 



50 



A series of experiments were made according to the procedure of Example 1 using cumyl acetate as 
the initiator and the results of these experiments are reported in Table IVa, IVb and IVc. 
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NMR and ultraviolet analysis of the polymer of Table IVa indicated the structure shown: 




This structure is the same structure obtained by the polymerization of IB with the known cumyl chloride 
inifer system. 
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EXAMPLES 



50 



In these experimental runs, a difunctional initiator. 2.5-dimethyl-2.5-hexane diol diacetate was used in 
' Is-Z^^^^^^ ' polymerization temperature was lower, na^e^^^^^^^^^^^ 

IB /nH ml?^ conjunction with BCIa for the polymerization of 

IB. and molecular weight control Is possible. The polymer produced has the following structure 
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CH 



3 




Cl-C-CH'^^ ^ PIB 



5 




This composition has fully aliphatic telechelic end groups whereas the prior art telechellc polymers 
10 contained partial aromatic end groups. Again, this method provides a method to produce the above 
polymers where the PIB segment can be a polyolefin segment. Thus, in the generic formula for the above 
fully aliphatic telechelic end groups, composition of the PIB segment would be replaced with polyolefin 
segments, such as blocks of aliphatic olefins of about 2 to 20 carbon atoms and conjugated diotefin 
segments of 4 to 12 carbon atoms. 
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50 EXAMPLE 6 



ExampleT '"'"'^^^^ «^ ^able VI was used in this run instead of the one used in 

« ♦ ■ .^"l^^^'o'et absorption of the polymers of Table VI indicated the presence of initiator seaments vi^ 
55 triple bonds. The structure of this new polymer is as follows: segments, viz.. 
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CH 
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^PIB'^--w-vC-CaC-C^^'v PIB'^'^'^-CHr-C-Cl 



5 



CH 



CH 



CH 
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CH 



3 
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3 



Again, we have a fully aliphatic telecheiic polymer which contains an acetylenic bond therein and the PIB 
10 segment can be any polyolefin segment such as polystyrene, polyoctene, and polypropylene by changing 
the monomer to the desired one; say, styrene for example or octadecene. Hence, the polyolefin segment 
can be homopolymeric, copolymers of different olefins of either aliphatic, cycloaliphatic or aryl in nature. 
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50 EXAMPLE 7 

oV/ntVlL" vn""'" "'^^^ "'""^ '''•^ '^"'^ ^'^^"'^ --'"^ ^ -'tiator. The results of these runs 



are given in Table VII 
55 EXAMPLE 8 



are gVen in%abte V.r' temperatures with tert.-buty. formate as the initiator. The results 
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Molecular weight control Is possible by controlling [M]/[complex] ratio. Ultraviolet spectroscopy analysis 
indicates the presence of formate end groups in the products of Table VIII. Thus, according to this finding, 
we have a new composition of matter having the following structure: 

5 

« ^ I ^ II 

'0 CH3 CH3 



which is characterized by the presence of a formate end group. 

Thus, by this method, polymers having the following structure can be made which have a formate end 
75 group: 



20 2 ' 'I 1 

R — ^ polyolefin] o — C — R 

R^ 



26 Where the initiator is a di- or trifunctional formate ester, di- and triformate terminated polyolefins are 
produced. Thus, homo- and copolymers having formate terminal groups are produced where and 
have values given hereinbefore. 
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Thus, in the experimental runs shown in Table IX, the compound of the formula was produced. 



CH^ 



CH^ O 

I ^ II 
C- O-C— H 

I 



10 



15 



This new composition of matter has an allyl head group. Molecular weight control was achieved from 
relatively low molecular weights of less than 8,000 to 10,000 to 13,000 up to very high molecular weights of 
40,000 to 50,000 to an excess of 100,000. By use of di-, tri- and higher functional acids or esters, it is 
possible to produce di-, tri- and higher allyl terminated polyolefins where the polymer may be homo, block 
or copolymers of the olefins of 2 to about 20 carbon atoms, for example. 
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TableTrL ?l.!.tf n T ""^""^ ""'"^ ^^''-^^'y' ""^y'"^^ solvents are listed in 

IS^ai or ^l^ JL T r " ''^ appreciated that other well known 

iwf I niethacrylate esters, such as methyl, ethyl or alkyls of 20 or more carbon atoms with the Lewis 

tS acMi^c and'^tr '"TV" '^^'"^ ^^"^^'^"'^ unsaturation as the end group. 

the acrylic and methacryl.c esters of the diols. triols. tetraols and related polyols of the monomerte to 

SZenr 'f '".k'' "''f "'^'^ P^'y'"^"^ Polyme'rs'canSe proved having 

heterogeneous oxygen therein of one or two. up to those of a few hundred to over 5.000 to 10 000 
The following new composition of matter having the Important acrylic tail group has been produced- 



^^3 CH, O 

' I II 

CH3- C ~ PIB ^CHj- C - O - c - CH=CH. 



CH. 



CH. 



20 This can be used to crosslink and modify other acrylic or methacrylic polymers. Thus these reactions with 
acrylic and methacrylic initiators produce a new generic class of compositions o' the following SrmlT 

CH3 O 

^ ^ _ ' II 

CH3 c — ' polyolef in ~ O — C — C=CH 
i I 
CH3 R 



where R is H or CH3. 

t^^::'or L^ati^ic groups''"' °^ ''''' *° ^-'"9 one. two. 
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EXAMPLE 11 



To show that lactones, a special class of esters, could act as Initiators with the various Lewis acids, a 
56 series of runs were made with 7-phenyl~y-butrolactone as the initiator under conditions shown in Table XI, 
with the results shown. It should be noted it was possible to make polymers of very low molecular weight, 
less than about 4.000 to 8.000 and higher molecular weights of greater than 50.000, and the polymer at 
lower range was liquid to rubbery in the higher range. 
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55 



In this series of runs at conditions of Table XII, tertiary butyl formate was used to produce polymers of 

forrnnn' ' ' polypropylene polymers can be prTdTced 

forming one or more formate terminal groups. 
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EXAMPLE 13 

45 To prove the living nature of IB or related olefins rnitated by the supernonnucleophilic counter anion 
complex, a number of experiments were run and then linear plots of Mp versus grams of polymer formed in 
the reactor (the figures shown herein) were constructed to see if the plots are linear and whether they cross 
the origin on extrapolation. 

These series of experiments were run in a series of test tubes which were charged with 24 ml CH2CI2 

60 2.4.4-trimethylpentyl-2-acetate hereinafter called TMPOAc (5.6x10-3 mol/l) and 0.5 ml IB, in that order, and 
thermoequilibrated at minus 30 •C. Then the polymerization was started by introducing 0.5 ml BCI3 - 
(liquefied) into the test tubes. The BCI3 concentration was 2.8 x lO""^ mol/l In the reactor. After 30 minutes 
of reaction time, the reaction in the tirst of the test tubes was killed by the addition of methanol, whereas an 
additional 0.5 ml IB was added to the rest of the tubes. After 30 minutes, the reaction in the second tube 

55 was killed whereas an additional 0.5 ml IB was added to the remaining tubes. This procedure was repeated 
until all the charges in the series of test tubes had been quenched. After conventional workup, the amount 
of polymer and its molecular weight and molecular weight distribution were determined. These data are 
given In Table Xllla, and the corresponding plot is given in Rg. 1. 
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lesults expenment was identical to that described above. Fig. 1 shows the plot of the 

n=» *® ^" "^"^"^ Q'^""® °* f*'^ P'°t linear and crosses the origin indicates the livina 

tr^e^ut 'w%r^^°" — - contribltesTorrtio^^^^^^^^^^^^^^ 

• I')® .".T"^'"^ °' TIVIPOAc and BCl3 technique is advantageous as it produces narrower molecular 
we.ght d.s^nbut.on polymer than_the TMPOAc and monomer and BCI3 additionTerence effect cLn 

in T^le'^l^JlnTh^" of expenn,ents have been carried out using CHaCI as the diluent. The data is shown 
in Table Xlllb and these data also yielded a plot similar to that of Fig 1 

in CHa^"TLT^f of experiments have been carried out with the cumyl acetate BCI3 complex Initiator 
Lxp^ere'^ntrc^a;ro^taTa^eZ^^^ ^ ^ ^ - 

Similarly, three identical series of experiments have been carried out with cumyl acetate and BCl, in 

^;rCH a rT2ra"5,m ^ » ^ ^^'""^ ''^^'^ °' CH.CI./n-hexane TaSe Si^^ T^^^^e 0I 
eO^M) CH2CI2 [Table Xlllf], and C2H5CI [Table Xlllg]. Corresponding plots of the data from these tiiree 
expenments. indicated these were living polymerizations. ^ « wese three 

thi« ""'"f ^' ^ °* experiments have been can-ied out by the dicumyl acetate BCI3 complex initiator In 

Si^fnrsrtr ' '-"^^ " ^ -^'"^ x,,ih%rsL~«,: 
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fhnf ° K *° copolymerization of an alpha-olefin such 

oLToH 111^ ''^ isobutylene. propylene, pentene or hexene, with a diolefin. preferably a con ugated 
one such as those exemplified by isoprene. butadiene and piperylene. Thus.m copolymers contaiZ eS 

invJntinn'^h "^"'^"^ °' Commerce. The random polymers pLuced by this 

ZT^^ commercal utility as butyl rubbers and especially those having a molecular weLt of a 
hundred thousand and 1 to 4 percent unsaturation. These rubbers are sulfur-vuicanizable. hea? iable 
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chemically resistant general purpose rubbers which may be used in inner tubes and inner liners of tires, 
tubes, curing bladders, mountings, vibration dampers, etc.. and are convertible to the halogenated form of 
butyl rubber for other usages. Heretofore, butyl rubber was made commercially by a heterogeneous low 
temperature (minus 100*C) cationic suspension polymerization by the use of AICI3 catalyst in methyl 

5 chloride diluent. In order to obtain commercially useful molecular weights, the polymerization has to be 
carried out at cryogenic temperatures, viz. below minus 100'C. Therefore, a lot of work has been directed 
towards the raising of this very low temperature requirement. Also, controlling molecular weight with the 
AICI3 system is difficult, it requires changes in reactor temperature. Another problem with conventional 
polymerizations is reactor fauling. Fauling is the process during which polymer particles crosslink and 

10 agglomerate during the run and precipitate on the inner surfaces of the reactor. This adhering layer of 
crosslinked or gelled polymer decreases cooling efficiency so that molecular weight control becomes 
impossible. Thus, the reactor has to be shut off and the fauled polymer layer removed by a separate 
cumbersome and costly process. Great efforts have been extended to overcome fauling. 

In Example 14, copolymerization of isobutylene with isoprene was demonstrated to occur readily with 

15 our complex catalyst, and that the copolymerization yields random copolymers whose overall composition 
can be controlled by the Isobutylene/isoprene ratio in that charge, and that the molecular weight of the butyl 
rubber formed can be controlled by the ratio of [monomersj/linitiating complex], and that the copolymeriza- 
tion is living in nature. Also, the percent unsaturation can be controlled over a wide molecular weight range 
to yield new copolymers of alpha-olefins and dienes which may have higher molecular weights, i.e., in 

20 excess of a hundred thousand molecular weight and having unsaturation values of 1, 2, 3 to 5 mole percent 
and higher. Thus, copolymers having 1 to 90 and preferably 2 to 10 percent of diolefin are readily made. 

EXAMPLE 14 

25 A series of copolymerization experiments have been carried out under the following conditions: A series 
of three test tubes have been charged at minus 30 'C with 22.5 ml CH3CI. 2.0 ml isobutylene (0.94 mole/1) 
and 0.1 ml cumyl acetate (0.56 x 10"^ mole/1) in that order. Then in a series of three test tubes, isoprene 
was introduced, i.e., 0.05 ml (or 2.13 mole percent on isobutylene); 0.1 ml (or 4.26 mole percent on 
isobutylene); and 0.2 ml (or 8.52 mole percent on isobutylene) isoprene. Finally, the copolymertzations were 

30 initiated by the Introduction of 0.5 ml BCI3 (2.8 10"' mole/1). The polymerizations proceeded with occasional 
mixings at minus 30 for 30 minutes. Then the reactions were killed by adding 3 ml of prechilled 
methanol. After workup, the conversion, molecular weights, and overall compositions were determined. The 
latter was obtained by 'H NMR spectroscopy which also indicated that the product contained the isoprene 
units in the chain in a 1 ,4-enchainment. Table XIV shows this data. 
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EXAMPLE 15 



chamrnn S thl "^^'^f ^^^^'^^ demonstrate the living nature of the copolymerization The 

S n th f ^ '^'f^ ^""^ polymerization conditions have been described above in Example 

4. n the f.rst senes of copolymerizatlons, three tubes were charged to give 4.26 mole percent Isopr^^^^^^ 

t Lr:^^^^^ s^:^^^^ \t ^^'^ ^^^'^^^"-'^^ the^:str;:ron^^^^^^^^^^ 

tubes were killed at 25. 30 and 45 minutes. After workup, the conversions and molecular weights were 
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determined. The data is shown in Table XVa and Fig. 5. 

The second series of copolymerizations have been carried out with 2.13 mole percent isoprene (on 
isobutylene) in the charge. Copolymerizations were terminated after 5 and 10 minutes after BCb addition. In 
the third tube at 20 minutes, we added a fresh charge of 2.05 ml monomer mixture consisting of 2.0 ml 

s isobutylene and 0.05 ml isoprene, i.e.. a charge of 2.13 mole percent isoprene (on isobutylene). and allowed 
the reaction to proceed for an additional 30 minutes. After killing and workup, the conversion and the 
molecular weight of the polymers were determined. Table XVb and Fig. 5 show the results. 
_ According to these data, the copolymerizations proceeded in a living manner as indicated by the linear 
Mn versus conversion plots crossing the origin. 

70 The polymerizations described in this invention can be carried out as long as the Initiating complex 
maintains Its Integrity to give a wide range of molecular weights. Tests determined that the tert.-butyl 
acetate BCI3 complex is stable up until at least minus 10 •C. Therefore, living and other polymerization can 
be carried out up to at least minus 10* C and even to the decomposition temperature of the complex which 
in most cases is near ambient or 10-30'C below it, but some initiator complexes allows operating 

15 temperatures above 0 • C. Thus, butyl rubber can be made at much higher temperatures than heretofore. 
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EXAMPLE 16 

50 

In this example, 0.06 ml tert.-butyl acetate (t-buAC) and 0,2 ml BCI3 were mixed in 20 ml CH2CI2 at 
minus 10 'C. After 1 hour at this temperature, the IR spectrum of the system (taken against the CH2CI2 
solvent by the use of the matched cells) indicated the presences of the t-BuAC-BCb complex; i.e., 
presences of an absorption at 1 570 cm"^ associated with the stretching vibration of the ✓ C = O — BCI3 
55 group (the uncomplexed ) C = O shows i^CO = 1 720cm"^ in t-BuOAC). 

Upon heating the t-BuAC^BCb complex to room temperature, the complex slowly decomposes to t- 
BuCI and CHaCOCI (^00 = 1800 cm"^ in CH3COCI). After one hour at room temperature. 50 percent of the 
complex has decomposed. 
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Similar to these experiments, the TMPOAcBCb complex is stable up until minus 10 -C but it 
ZTmZ'ZT ' '° "P-'tanding at this temperature 

wh.?,^ n^"^ **° ^'^P^T!"*^ b« ^«93^ded as model experiments for these polymer systems. Thus 
when a poymer prepared by the t-BuACBCis system in which CH3CI diluent ai minus 30-C after 30 

^»hZ tJl L ^^^^"^ '^"'"9 ^y^*®'" w^'" to foom temperature overnight 

cScOCI ^"^ ^'^y ^^^^ the formation of an allyl chloride and 

The fact that the polymer readily decomposes to the tert-chloride ended structure has important 
STTr^l'ftT'' " « avenue to valuable tert-chlorine termfnated pTlS" 

ll Hrl »f ""^ difunctional acetate- BCI3 complex initiators. i.e. dLmyl 

Jet?;r Sl«n°nnr ''"^^*^^^r ^^'^ co^P\^^^. valuable telechelic polyisobutylenes and related alphl- 
oierins or diolefm polymers can be prepared. 

^r.H T° '^'"'^^^^''^^ ^'^at the tert-chloride groups can be quantitatively obtained not only by 

treating the polymenzmg system to bring it to room temperature, but also by adding various nucleoDhiHc 
k.H.ng or quenching agents, i.e.. CH3OH. (C.Hs)3N. pyridine, ammonia, methanol, and soS^I mIoSe 

the oleTn? c'L'Tr' I '^"'^ Polymerization studies to show th2 an^of 

the olefins can be polymerized by the Lewis acid organic acid or ester complex to give a novel 
polymenzation process to produce new polymers 

invenMoa''°'"''°""°"' °' '^'^^ ^"''""'^^ <=an be made by this 
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R^-^C — [polyoleCin] — Cl^ 



40 

where is hydrogen, halogen or an organic moiety of an organic acid; 
is the same as R^; 
R2 is the same as R^; 

R* is methylene or polymethylene. ethylenic, acetylenic, 
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-or 



50 related homologous groups; 

R^ is a trivalent organic moiety; and 
y is hydrogen or alkyl. 

Claims 

55 

1. A method of producing a complex of an organic carboxylic acid or ester with a Lewis acid characterised 
in that the complex has a supernonnucleophilic counter anion and the complex is able to add at least 
one olefinic monomer and to continue adding said monomer and to increase the molecular weight of 
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said comp ex to give a living polymerization system, comprising introducing an organic acid or ester 
d^lmnncT ' ^"'^ '"'^'"9 '^^'^ a« a temperature bJ^^w te 

compTex " °' ^ «""P'«- in the presence or absence of a solvent for said 

^ temo^Sum'^hlwl"' h ^'^^^^'V"^'"'^"* ^'^'^'^ ""^'^^ maintaining the 

temperature below the decomposition temperature of said complex to increase its molecular weight to 
withm a range of 1000 to above a hundred thousand units. "loiecuiar weight to 

3. The method of claim 2 wherein the added olefin monomer is a mixture of an alpha-olefin and a diolefin. 

tlmoera^e o°/ C "^"'l ^"'^ ^"^ ^'^^ °^ ^« ^°"ta<^ted at a 

lemperature of -10' C or lower to form said complex. 

^" nnZT^^"^ producing a complex of an organic carboxylic acid or ester with a Lewis acid where the 
ZomLf ' -"'"P'^x able to add Olefin 

Zr Tnd a Lewis ^ j;"! P°'y-«;-«°"/y^e'" comprising introducing an organic carboxylic acid or 
the derlnn^iZf . ^^T"" """""^ '^^^'"^ *° ^«<^"«"ce at a temperature below 

rnmnl H °^ '^'^ ^"""P'®'^ P^^^^^ce or absence of a solvent for said 

cornplex; said system containing sufficient olefin relative to [M]o/[IJ, ratio to give the complex a 

cTnS^SJnXrS/"" ^"^^ ^'^ .oLmer^a^dTi^L: 

6. The method of claim 5 wherein the temperature is below minus 1 0 • C. 

a The method of claim 5 wherein the Lewis acid is boron chloride. 

^" tXe";2u^? blwl"; ,^/'^^^«'V""r''^"* '^''^ ^t^''^ maintaining the 

wZn 1 r ^^composition temperature of said complex to increase its molecular weight to 

within a range of greater than 1 000 to above a hundred thousand. 

10. The method of claim 5 wherein the olefin reacts with the complex to give a polymer complex and to 
consume essentially all said olefin within 1 to 30 minutes but stilThas abSity to Ld more oS 

11. The method of claim 5 wherein the molecular weight increase of said complex is proportional to 
monomer concentration divided by concentration of initiator concentration. Proportional to 

i^xed^'wSle'mlfnn ' T'^'" the complex is made below its decomposition temperature and is 
m raSno Lrr«T/ """^'^ ^"^^^ decomposition temperature of the complex, the 

as to a?ve a nf ^ f '^^'^'^ ^l^^^^'" the rate of decomposition of the complex is such 

DolimrLon L """"^^ *° ^ undecomposed complex effects sufficient 

polymerization of the monomer to achieve a desired molecular weight in from one to 30 minutes. 

^omnT.^h,.''"""^''"^ °* ^" r^^"'"" carboxylic acid or ester with a Lewis acid characterised in that the 
complex has a supemonnucleophilic counter anion and the complex is able to add at least one olefinic 
monomer to g,ve a livng polymensation system in which its molecular weight is increased to in excesS 

Z:zTi:irZrl^^^^^^^^^ ^^^^^^ °t BX3. Ti>.. 

me^L^y^r; J;.'yr. °^ ^'^^^ ^'^ --'««n9 of acrylic. 

16. The complex of claim 13 wherein the acid or ester is formic acid or a formate. 
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17. A method of polymerisation comprising producing a complex, of an organic carboxylic acid or ester 
with a Lewis acid, the complex having a supernonnucleophilic counter anion and the complex being 
able to add olefinic monomer to give a living polymensatlon system and Increasing the molecular 
weight of said complex by adding olefinic monomer thereto characterised by: 
5 forming a complex of said organic acid or ester with a Lewis acid by contacting said organic acid 

or ester with said Lewis acid at a temperature below the temperature at which said complex 
decomposes, mixing said complex prior to substantial decomposition with at least one olefin to effect a 
significant Increase In molecular weight of said complex. 

70 18. The method of claim 17 wherein the complex and olefin are fed simultaneously to a reactor and the 
temperature of mixture produced by their mixing is above the decomposition temperature of the 
complex. 

19. The method of claim 17 wherein the polymerization rate is sufficient to essentially consume all the 
76 olefin in 1 to 30 minutes and the complex has a decomposition half life greater than time required to 

consume all the olefin. 

20. The method of claim 19 wherein the molecular weight increase of the complex varies from 1,000 to in 
excess of a million. 

20 

21. The method of claim 17 wherein the complex adds different olefinic monomers to yield a copolymer, a 
ternary polymer, or a higher polymer. 

22. The method of claim 21 wherein at least one monomer is an alpha-olefin and another Is a diolefin. 

25 

23. The method of claim 22 wherein the alpha-olefin contains from 3 to 8 carbon atoms. 

24. The method of claim 23 wherein the alpha-olefin is isobutylene and the diolefin is isoprene. 

30 25. The method of claim 24 wherein the increase in molecular weight is at least sufficient to give the 
complex a molecular weight greater than 10.000 and the Isoprene constitutes at least 2.13 mole percent 
of the polymer charge. 

26. The method of claim 22 wherein the diolefin constitutes from 1 to 90 mole percent of the olefinic 
35 monomer. 

27. The method of claim 26 wherein the diolefin is present In 2 to 10 mole percent and the molecular 
weight of the complex is in excess of ten thousand. 

40 2a A method of polymerisation comprising producing a complex of an organic carboxylic acid or ester with 
a Lewis acid, the complex having a supernonnucleophilic counter anion and the complex being able to 
add olefinic monomers thereto to effect a carbocationic polymerization comprising: 

formihg a complex of said organic carboxylic acid or ester with a Lewis acid by contacting said 
organic carboxylic acid or ester with said Lewis acid at a temperature below the temperature at which 

45 said complex decomposes, contacting said complex prior to substantial decomposition with at least one 
olefin to effect a significant increase in molecular weight of said complex to greater than 1 ,000. 

29. The method of claim 28 wherein the temperature of the complex is below its decomposition tempera- 
ture and the olefin has a temperature sufficient to produce a mixture having a temperature above 
50 decomposition temperature of the complex upon mixing and maintaining said mixture at said tempera- 
ture atK>ve the decomposition temperature of said complex but sufficiently low that the rate of 
decomposition of the complex is such that the polymerisation reaches the desired degree of comple- 
tion. 

55 30- The method of claim 29 wherein the complex and olefin are fed simultaneously to a reactor and the 
temperature of mixture produced by their mixing is above the decomposition temperature of the 
complex. 
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31. The method of claim 28 wherein the mixture temperature Is 10- to less than 50-C. 

^' Ii«fi„Ti°? ^® polymerisation rate is sufficient to essentially consume all the 

ctre^irtherer" ' « ZT^- L*: 

tZTrirs Of '^i^Vto TT ""^'^'^ ' ^ecomposi«on half life of 5 minutes to an hour at 
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A composition characterised by having a structure selected from the class having the formulae of: 

2 

O 

3 I 11 
— C — ^ (polyolefinj — O — C — 

I- 

r2 



(b) 



CI - [polyolefinj -C -R — C - I polyo le f In )- CI 



R R 



(c) 



-CH — [polyolefinj CI 



R O Y 

3 I il I 

R— C — (polyolefinl — O — C— C = CH 



(e) 2 

R o 

3 I - II 

R . C (polyolefinj — O — - C — CI 

I- 



(f) o 

II 

CH^= CH CH^ [polyolefinj— O — C — H 



<g) O Y 

3 i ! I 

R — C [polyolefinj — O — C— C =CH 



(h) r2 

R C — (polyolefinl — CI ) 



where and R^ are hydrogen, halogen or an organic moiety of an organic acid; 

R* is methylene or polymethylene, ethylenic. acetylenic, 
or related homologous groups; 
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R« is a trivalent organic moiety; and y is hydrogen or alkyl. 
35. A composition according to claim 34 characterised in that and R3 are the same as Ri. 

Ts forrdtm *° ^ P°'VO'e«n segment of the formula 

38. A composition according to claim 37 wherein the diolefin is a conjugated one. 

-^'^^ " ^ -^ment of the formula is 

Je^dTrr LXr' -9-"* 'o-u-a Is 

anrS^Ur^s^^^^^^^^^^^ - P-VCefio segment Is lso.utylene 

L^ilnT" *° ^'^^ "^as a molecular weight in excess of one 
PatentansprUche 

hinzuzufugen und dteTe H^nzSauno 2^ , olefinisches Monomer 

Komplexes "u erhoherum erSdi ""^ das Molekulargewicht dieses 

Polymerisatlonssystem zu Xin ^^6^ daL E^^^^^^^^ h.nzuzufugen. urn ein lebendes 

i. Verfahren nach Anspruch 5. worin die Temperatur unter -1 0 • C liegt. 
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7. Verfahren nach Anspruch 5, worin die Lewissaure aus der Klasse ausgewahit ist, die aus BCI3, AICI3, 
TiCU, FeCla. ZnCb besteht. 

Verfahren nach Anspruch 5. worin die Lewissaure Borchlorid ist. 

Verfahren nach Anspruch 5. worin ausreichend olefinisches Monomer zugesetzt wurde, wahrend die 
Temperatur unter der Zersetzungstemperatur des Komplexes gehalten wird. um dessen Molekularge- 
wicht auf einen Bereich zu erhohen, der uber 1.000 bis uber 100.000 liegt. 

70 10. Verfahren nach Anspruch 5. worin das Olefin mit dem Komplex reagiert. um einen Polymerkomplex zu 
ergeben und um im wesentlichen das gesamte Olefin innerhalb von 1 bis 30 Minuten zu verbrauchen. 
aber noch die Fahigkeit besitzt, weiteres Olefin zu hinzuzufUgen. 

11. Verfahren nach Anspruch 5, worin die Molekulargewichtserhohung des Komplexes proportional zur 
75 Monomerkonzentratlon dividlert durch die Konzentration der Starterkonzentration ist. 

12. Verfahren nach Anspruch 5. worin der Komplex unterhalb seiner Zersetzungstemperatur hergestellt und 
mit dem Monomer vermischt wird, um eine Mischung uber der Zersetzungstemperatur des Komplexes 
zu ergeben, wobei die Mischung derart geregelt ist, eine Temperatur zu ergeben, daB die Zersetzungs- 

20 geschwindigkeit des Komplexes eine Halbwertzeit von 5 Minuten bis 1 Stunde betrMgt, so dafi der 
unzersetzte Komplex eine ausreichende Polymerlsierung des Monomers bewirkt, um innerhalb von 1 
bis 30 Minuten ein gewUnschtes Molekulargewicht zu erreichen. 

13. Ein Komplex, bestehend aus einer organischen Carbonsaure oder einem Oarbonsaureester mit einer 
25 Lewissaure, dadurch gekennzeichnet, daB der Komplex ein extrem nicht-nukleophiles Gegenanion 

besitzt und der Komplex fahig ist, wenigstens ein olefinisches Monomer hinzuzufUgen, um ein lebendes 
Polymerisationssystem zu ergeben, in welchem sein Molekulargewicht uber 1.000 erhoht wird. 

14. Komplex nach Anspruch 13, worin die Lewissaure aus der Klasse ausgewShlt ist, die aus BX3, TiX4. 
30 AIX3. ZnX2. FeXs besteht, worin X ein Halogenrest ist. 

15. Komplex nach Anspruch 13, worin die Lewissaure aus der Klasse ausgewSihIt ist. die aus einem Acryl-, 
Methacryl- und Allylrest gebildet ist. 

35 16. Komplex nach Anspruch 13, worin die Saure oder der Ester AmeisensMure oder ein Formlat davon ist. 

17. Ein Polymerisationsverfahren, umfassend die Herstellung eines Komplexes aus einer organischen 
Carbonsaure oder einem Oarbonsaureester mit einer Lewissaure, wobei der Komplex ein extrem nicht- 
nukleophiles Gegenanion besitzt und der Komplex fahIg ist, ein olefinisches Monomer hinzuzufUgen, 
um ein lebendes Polymerisationssystem zu ergeben und das Molekulargewicht des Komplexes durch 
HinzufOgung eInes olefinischen Monomers zu erhohen. gekennzeichnet durch: 

Bildung eines Komplexes aus einer organischen Saure oder deren Ester mit einer Lewissaure, indem 
die organische Saure oder der Ester mit der Lewissaure bei einer Temperatur unterhalb der Tempera- 
tur, bei welcher sich der Komplex zersetz, in Kontakt gebracht wird. 

Vermlschen des Komplexes vor seiner wesentlichen Zersetzung mit wenigstens einem Olefin, um eine 
deutliche Erhohung des Molekulargewichtes des Komplexes zu bewirken. 

ia Verfahren nach Anspruch 17, worin der Komplex und das Olefin gleichzeitig in einen Reaktor 
eingespeist werden und die durch ihre Mischung erzeugte Mischungstemperatur uber der Zersetzungs- 
50 temperatur des Komplexes liegt. 

19. Verfahren nach Anspruch 17, worin die Polymerisationsgeschwindigkeit ausreichend ist, um innerhalb 
von 1 bis 30 Minuten Im wesentlichen das gesamte Olefin zu verbrauchen, und der Komplex eine 
Halbwertzeit fOr die Zersetzung aufweist, die groBer ist, als die fOr den Verbrauch des gesamten 

55 Olefins erforderliche Zeit. 

20. Verfahren nach Anspruch 19, worin die Molekulargewichtserhohung des Komplexes von 1.000 bis uber 
1 Million variiert. 
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Copolymer, em temares Polymer Oder ein hOheres Polymer zu ergeben. 

22. Verfahren nach Anspruch 21, worin wenigstens ein Monomer ein a-Olefin und ein weiteres ein Diolefin 

23. Verfahren nach Anspruch 22. worin das a-Olefin 3 bis 8 Kohlenstoffatome enthSlt. 

24. Verfahren nach Anspruch 23. worin das a-Olefin Isobuten und das Diolefin Isopren ist. 

d!™Jnr!!nI'^'"'-'^f'^T? "^'^ Molekulargewichtszunahme wenigstens ausreichend ist um 

dTpr^r^^^^^^ - wenigstens ^IS^I^cJ^:^ 

irmacht. ' ^ olefinischen Monomers 

Shr„cr^"^f ""'^"^ die Herstellung eines Komplexes aus einer organlschen 

carbonsaure oder einem CarbonsSureester mit einer LewissSure. wobei der Komplex ein e^?er^ nicht 

eine carbokationische Polymerisation zu bewirlcen. umfassend- ^uzurugen. um 

fL^Srf ^-T ^T^^^""^ '^^^ organlschen CarbonsMure oder dem CarbonsSureester mit einer 
Lewissaure. mdem d.e organische CarbonsSure oder der CarbonsSureester mit der LewissSure be 
wVH Temperatur. bei welcher sich der Komplex zersetzt in Kontl^ qeLrach 

rlrht T ""^^ "^"^^"'^ ---^"^'^►^-n Zersetzung mit wenigstens ^nem OterinCrSaW 

foOO zu liSkeT "^'"'""^ Molekulargewichtes des Komplexes 1 gro^^Ts 

und" ™«r''' ^ ^'^ Temperatur des Komplexes unter seiner Zersetzungstemperatur 

SpeSur^be? H«rT 1'"'^^'''' ausreichend ist, um eine Mischung mit e^e 

Snnn L?H x Zersetzungstemperatur des Komplexes beim Mischen und Halten der 
^SS da^i ^^^P"^^*"^ "/'^^ Zersetzungstemperatur des Komplexes. jedoch genOgend 

niedng, damit d e Zersetzunggeschwindigkeit des Komplexes derart ist. daB die Polymerisation den 
erwunschten VollstSndigkeitsgrad erreicht. zu ergeben. f-oiymensation den 

30. Verfahren nach Anspruch 29, worin der Komplex und das Olefin gleichzeitig in einen Reaktor 
tTmterr dTKrprxe^er """"^ ''''"^^ Mischungstem^ur crderz™: 

31. Verfahren nach Anspruch 28. worin die Mischungstemperatur 10- bis weniger als 50-C betrSgt. 

Ur^^HT ''T''^,'''' Polymerisationsgeschwindigkeit ausreichend ist. um im wesent- 

?erStzuna1fiCH°r";" ' f ?° ^" verbrauchen und der Komplex eine Halb« der 

Zersetzung bes.tzt, d.e groBer ,st, als die fUr den Verbrauch des gesamten Olefins erforderliche Zeit. 

^ sJfriT.T" '^""i'""' "^^^ ^'"^ Halbwertzeit der Zersetzung von 5 Minuten bis 1 

Stunde bei Temperaturen von 20 • C bis 30 • C besitzt. a " > ^ wiinuien dis i 

^' dL" Former^"'^*"""^' ^"'^^ Struktur, die aus der Klasse ausgewahl, Ist, welche 
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(a) 



(b) 



(c) 



(e) 



(9) 



r2 o 
r3^C— tPolyolefin]— O— C — r1 
^2 



CI — [Polyolarin]— C — R*— c— CPolyole£ln]— Cl 

R2 r2 



^ CHg— [Polyolefin]— CI 



r3 — c —I Polyolefin]— O — C— C— .CHj 
i2 



3 

r3— c— [PoXyoleflnl- o-c— ci 
r2 



CHjSs. CH— CHj— [Polyolefin] — 0 — C~H 



r2 o Y 

r3 — i —[Polyolefin] — 0—1!: — i«*CHj 
i2 



(h) 

R® — fC— [Polyolefin]— CI) 3 

aufweist, worin 

R\ R2 und R3 Wasserstoff, Halogen oder ein organischer Anteil einer organischen Saure sind. 
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bldetTt: P°'y""«*y'®"-. Ethylen-. Acetylengruppe Oder verwandte homologe Gruppen 

R* ein dreiwertiger organischer Anteil ist und y Wasserstoff Oder AlkyI bedeutet. . 

^' wie r"^ hateT""^ "^"^ '^^^'^ ^' "^^"'""^ gekennzeichnet. daB R^ und R3 die gleiche Bedeutung 

fuTerrSergrdeTr^' ^^"'^^"^ ^^^^ ''°'V°'e«nsegmer,tes der Pon.e. 

38. Zusammmensetzung nach Anspruch 37, worin das Diolefin ein konjugiertes Diolefin ist. 

^rP^i::ZTrj^^;^T" ^^"'^"^"^ ''°'V°'««-9mer«es der Forme. 

atToZX"eit:n:;.''"'"'' ^^"'^^^^"^ "^^^ P°'Voleflr,segn,entes der Formel 

e^n^irerrd^s"^^^^^^^ ~seg.entes Isobuty.en und 

f.00rauS'""^ "^^'^ Zusammensetzung ein l^lolekuiargewicht von Uber 

Revendlcations 

^" riwif trrt'^'^?^'^' °" organique carboxyllque avec un aclde de 

comir.?"'^* ''"^ P"'^**^ contre-anion super-non nucl^ophile. et le 

mo^oSolfi.^'' i ^" """'■"^ monomere ol6flnique et a continuer I'additlon dudit 

rnonomere et a accroHre le poids molgculaire dudIt complexe pour obtenir un systeme de polymerisa- 
tion vvant. comprenant ('introduction d'un acide organique ou d'un ester et d'u^ acide de Lew! d^s 

de'dSmZ ? hT ^'"^ ^ infiSLre 

ledH coSexe ^""^P'^'^® Pi-^sence. soit en I'absence d'un solvant pour 

^ Sfjt"" 1- dans lequel une quantite suffisante d'un monomfere olefinique a et6 

Zr aJ?nir la temperature inf^rieure & la temperature de deoomposition dudit Complexe 

Proc6d6 selon la revendication 1. selon lequel I'acide de Lewis et I'acide carboxyllque ou son ester 
sontm.s en contactaune temperature de-IO-Coumoins pour formerledit complexe 

Tew^ ter\«o?.tf .! '°7"''' °" carboxyllque avec un adde de 

crSexe est ant! T P°=^«'^^"" contre-anion super-non nucleophile et selon lequel le 

complexe est apte h ajouter des monomferes d'oietine pour obtenir un systeme de polymedsation 
v-vant comprenant r.ntroduction d'un acide ou d'un ester organique carboxyllque et S'un acide de 
Lew,s dans un systeme et en effectuer le melange sans tenir compte de I'ord^e a une temperature 
mfeneure a la temperature de decomposition dudit complexe en presence ou en I'absence Tn Sam 
pour ledjt complexe: led.t systeme contenant une quantity suffisante d'olefine associee au rapport ^M]- 
o/[l]o de maniere a conferer au complexe un poids mol6culaire superieur a 1000 [MV et ni 
representant respectivement la concentration du monomfere initial et la concentration de I'ini iateur 



4. 

5. 
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6. Proc6d§ selon ia revendication 5. selon tequel la temperature est inf^rieure k moins 10*0. 

7. Proc^d^ selon la revendication 5, selon lequel I'acide de Lewis est choisi dans la classe comprenant 
BCb. AICI3. TiCU, FeCb. ZnCb. 

5 

8. Proc^d§ selon la revendication 5, selon lequel I'acide de Lewis est du chlorure de bore. 

9. Procdd§ selon la revendication 5, selon lequel une quantity suffisante d'un monomere olefinique a 6x6 
ajout^e, tout en maintenant la tennperature inferieure k la temperature de decomposition dudit 

70 complexe pour accrottre son poids mol^culaire pour qu'il se situe dans une gam me situee entre une 
valeur sup^rieure a 1000 et une valeur superleure k cent mille. 

10. Precede selon la revendication 5, selon lequel rol^fine r^agit avec le complexe de manidre k fournir un 
complexe de polymere et consommer essentiellement la qualite de ladite olefine en une dur§e de 1 ^ 

75 30 minutes, tout en permettant encore Tadjonction d'une quantity suppiementaire d'ol^fine. 

11. Precede selon la revendication 5, selon lequel Taccroissement du poids moleculaire dudit complexe est 
proportionnel a la concentration du monomere. divisee par la concentration de Tinltiateur. 

20 12. Precede selon la revendication 5. selon lequel le complexe est forme a une temperature inferieure k sa 
temperature de decomposition et est melange au monomere de mani^re h fournir un melange au- 
dessus de la temperature de decomposition du complexe, le melange etant commande de mani^re k 
fournir une temperature k laquelle la vitesse de decomposition du complexe est telle qu'on obtlent une 
duree de demi-vie comprise entre 5 minutes et une heure de sorte que le complexe non decompose 

25 provoque une polymerisation suffisante du monomere pour permettre Tobtention d'un poids moieculaire 
desire entre une et 30 minutes. 

13- Complexe constitue par un aclde ou un ester organique carboxylique avec un aclde de Lewis, 
caracterise en ce que le complexe possede un contre-anion super-non nucieophile et que le complexe 
30 permet d'ajouter au moins un monomere oietinique pour obtenir un systeme de polymerisation vivant, 
dans lequel son poids moieculaire est accru k une valeur superleure k 1000. 

14. Complexe selon la revendication 13, dans lequel Tacide de Lewis est choist dans la classe comprenant 
BX3, TIX4, AIX3, ZnXa, FeXa, dans lequel X est un halog%ne. 

35 

15. Complexe selon la revendication 13. dans lequel I'acide ou Tester est choisi dans la classe comprenant 
les acides ou les esters acryliques. methacryliques et allyliques. 

16. Complexe selon la revendication 13, dans lequel I'acide ou Tester est de Tactde formique ou un 
40 formate. 

17. Precede de polymerisation consistant k produire un complexe, d'un acide ou d'un ester organique 
carboxylique avec un acide de Lewis, le complexe possedant un contre-anion super-non nucieophile et 
le complexe etant apte a ajouter un monomere oieofinique pour fournir un systdme de polymerisation, 

45 et accroTtre le poids moieculaire dudit complexe en lui ajoutant un monomere oietinique, caracterise 
par : 

la formation d'un complexe dudit acide ou dudit ester organique et d'un acide de Lewis par mise 
en contact dudit acide organique ou dudit ester avec ledit acide de Lewis a une temperature inferieure 
k la temperature a laquelle ledit complexe se decompose, le melange dudit complexe avant une 
50 decomposition substantieile liee k au moins une oietine pour obtenir un accroissement important du 
poids moieculaire dudit complexe. 

18. Precede selon la revendication 17. selon lequel le complexe et Tolefine sent envoyes simultanement k 
un reacteur et la temperature de melange produite par leur melange est superleure k la temperature de 

55 decomposition du complexe. 

19. Precede selon la revendication 17, selon lequel la vitesse de polymerisation est suffisante pour 
consommer pour Tessentiel ia totalite de Toietine en 1 a 30 minutes, et le complexe possede une 



55 



EP 0 206 756 B1 



ZmnT '^^""'^'^ decomposition sup6rieure k la duree necessaire pour consommer la totality de 

20. Proc6d6 selon la revendication 19. selon lequel faugmentation du poids mol^culaire du complexe varie 
©ntre 1000 et plus d'un million. 

21. Procede selon la revendication 17. selon lequel ie complexe ajoute diff^rents monomferes ol6finiques 
pour former un copolymere. un polymfere temaire ou un polym&re de rang sup6rieur. 

22. Procede selon la revendication 21. selon lequel au moins un monomfere est une alpha-ol6fine et un 
autre est une diolefine. 

23. Precede selon la revendication 22. selon lequel Talpha-olefine contient 3^8 atomes de carbone. 

24. Procede selon la revendication 23. selon lequel I'alpha-oiefine est de I'lsobutyfene et la dioietine est de 

I isoprene. 

25. Precede selon la revendication 24. selon lequel I'accrolssement du poids moieculaire est au moins 
suffisant pour conferer au complexe un poids moieculaire superieur a 10 000. et I'isoprene constitue au 
moms 2.3 pour cent en moles de la charge en polym^re. 

26. Precede selon la revendication 22. selon lequel la dioietine constitue 1 h 90 pour cent en moles du 
monomere olefinique. 

27. Precede selon la revendication 26. selon lequel la diolefine est presente pour 2 a 10 pour cent en 
moles, et Ie poids moieculaire du complexe depasse dix mille. 

2a Precede de polymerisation consistent h produire un complexe d'un acide ou d'un ester organique 
carboxyhque avec un acide de Lewis. Ie complexe possedant un contre-anion super-non nucieophile et 
IS complexe etant apte a lui aiouter des monomeres oiefiniques pour executer une polymerisation 
carbocationique. comprenant : 

la formation d'un complexe dudit acide ou dudit ester organique carboxyllque avec un acide de 
Lewis par mise en contact dudit acide ou dudit ester organique carboxyllque avec ledit acide de Lewis 
T®.!T inferieure S la temperature a laquelle ledit complexe se decompose, la mise en 

contact dudit complexe avant sa decomposition substantielle, avec au moins une oietlne pour obtenir 
un accroissement important du poids moieculaire dudit complexe a une valeur superieure k 1000. 

29. Procede selon la revendication 28. selon lequel la temperature du complexe est inferieure a sa 
temperature de decomposition et I'oietine possede une temperature suffisante pour I'obtention d'un 
melange possedant une temperature superieure k la temperature de decomposition du complexe lors 
du melange et du maintien dudit complexe h ladite temperature superieure k la temperature de 
decomposition dudit complexe. mais suffisamment faible pour que la vitesse de decomposition du 
complexe sort telle que la polymerisation atteint Ie degre desire d'ach6vem©nt. 

30. Precede selon la revendication 29. selon lequel Ie complexe et l'ol6fine sont envoyes simultanement a 
un reacteur et la temperature de leur melange est superieure k la temperature de decomposition du 
complexe. 



31. 



Procede selon la revendication 28. caracterise en ce que la temperature de melange est comprise 
entre 10* et moms de 50«C. ok 



32. Precede selon la revendication 28. selon lequel la vitesse de polymerisation est suffisante pour 
consommer essentiellement la totalite de I'olefine en 1 4 30 minutes, et que Ie complexe possede une 
Vomne^ ""^ '^^ decomposition inferieure k la duree necessaire pour consommer la totalite de 

33. Precede selon la revendication 29. selon lequel Ie complexe possdde une duree de demi-vie de 
decomposition comprise entre 5 minutes et une heure k des temperatures de 20-C a 30-C. 



56 



EP 0 206 756 B1 



34. Composition caract^risSe en ce qu'elle poss§cle une structure s6lectlonn6e dans la classe incluant les 
formules de : 



(a) 



r2 0 



3 ' " 
R - C - [polyolef ine]-o-C-R^ 



r2 



(b) 



r2 r2 



CI- [polyolef ine] -C-R^-C- [polyolef ine] -Cl 

I I 
r2 r2 

(c) 

-CHj- [polyolef ine ]-Cl 



57 



EP 0 206 756 B1 



(d) 



10 



15 



20 



25 



36 



40 



0 Y 



11 i 



R^-C-[polyolef ine]-0-C - C=CH 
I 

(e) 



r2 



r2 



R-'-C- [polyolef ine ] -0-C-Cl 



r2 

(f) 

0 
II 

CH2=CH-CH2- [polyolef ine] -0-C-H 

(g) 

O Y 



R 
(h) 



i II I 

2 

2 



30 R^-C-[polyol6f ine]-0- C - C = CH 



r2 



r8 



— ^ C - [polyolef ine] - C1J3 



I 

r2 

R\ R2 et R3 representent un hydrogene, un halogfene ou une partie organiqu© d'un acide organique- 
R represente un radical methylene ou polym^thylfene, 6thyl6nique. ac6tyl4nique. ou des groupes 
homologues associes; 

R» est une partie organique trivalente; et y est un hydrogfene ou un all<yle. 

35. Composition selon la revendication 34, caracterisee en ce que W et R3 sont identiques k RK 

36. Conr.position selon la revendication 34. dans laquelle le segment de polyolefine de la composition de la 
tormule est forme par une ol6fine possedant de 2 a 20 atomes de carbone. 

37. Composition selon la revendication 34, dans laquelle au moins une partie du segment de polyolefine de 
55 cette formule est formee par une diolefine. 

3a Composition selon la revendication 37, dans laquelle la diolefine est une diolefine conjuguee. 



45 



50 
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39. Composition selon la revendication 36, dans laquelie au motns une partie du segment de potyolefine de 
la formule est d^riv^e du potyisobutyt5ne. 

40. Composition selon la revendication 36. dans laquelie au moins une partie du segment de polyolefine de 
6 la formule est derivee de I'isoprene. 

41. Composition selon la revendication 36, dans laquelie une majeure partie du segment de polyolefine est 
de I'isobutylene et une partie secondaire dudit segment est de I'isoprene. 

10 42. Composition selon la revendication 34, dans laquelie la composition poss^de un poids moleculaire 
d^passant un millier. 
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Living Poiymerlzotion of Isobutylene 

Using TMPOAC BCLs Complex (table xiiio) 




POLYiy/IER (6MS) 

FIG- 1 
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Living Polym«rizotion of tsobutylene 
Using Cumyi Acetote*BCL9 Complex 
in CHaCLa Solvent (table xiiic) 




POLYMER (gms) 



FIG- 2 
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Living Polymarizotion of isobutylene 
Using Cuntyl Acetate BCLs Complex 

in CH3CL Solvent (TABLE XIII4) 
10^000 . . 




POLYMER fonts) 

FIG-3 
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Living Polymerization of Isobutylene 
Using Oicumyl Acetote-BCLj Complex 

(TABLE Xlilli) 

M„ 

10,000 . . 




POLYMER (QMS) 

FIG.- 4 
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Living Copolymerizotion of Isobutylene/ Isoprene 
ChorgM Using Cumyl Acttote BCLs Compltx 

(TASLE XV b) 



I2.000 . . 
10,000 . . 

•»ooo.. 

•kOOO.. 
4,000.. 
2,000.. 



X» 4.26 met p*rcMt 
iM#r«M in tiM ckort* 

8.9 mol percent 
i«oprM« In tiM clMr«« 



' ' ' ' JU ' — ' ' ' ' ■ I I I I I 

«00 ISO 

COPOLYMER (%Conir«r«len of moAomors) 



FIG-5 
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